TYPES OF FROST
Injury to plants from temperatures below freezing can be called "frost" or "freezing"; in this publication it is referred to as "frost." Plants can also be injured by cold temperatures above freezing; this is called "low-temperature injury" or "chilling injury" and is not covered in this publication (for more information on low-temperature injury, see Abiotic Disorders of Landscape Plants: A Diagnostic Guide, ANR Publication 3420, 2003) . There are two types of frost: radiation frost and advective frost.
Radiation frost occurs on cold nights when the air is clear and dry and heat is lost, or radiated, from the earth' s surface into the atmosphere. Soil, buildings, plants, and other objects at the earth' s surface act as a heat reservoir by absorbing heat during the day. Plants are damaged when enough heat is lost from this reservoir to lower the temperature at the surface to below critical temperatures. Radiation frost is the most common type of frost in California.
Advective frost occurs when a mass of cold air displaces a mass of warmer air at the earth' s surface. This displacement can be caused by a temperature inversion, which forms when a layer of warm air creates a low ceiling that traps cold air close to the ground. Advective frost can also occur when masses of cold, polar air move into warmer areas. Advective frost is relatively uncommon in California.
SYMPTOMS OF FROST INJURY
Frost injures plants by causing ice crystals to form in plant cells, making water unavailable to plant tissues and disrupting the movement of fluids. Frost-damaged leaves or twigs appear water-soaked, wither, and turn a dark brown or black. Unprotected, sensitive young trees or regrafted trees may die, but frost seldom kills mature trees. In cold-winter areas, highly frost-sensitive trees rarely live to maturity before being killed by a frost.
Citrus fruits can be damaged by frost as well. Within a few hours after a frost, the juice vesicles inside the fruit rupture as ice crystals form inside them. This results in water loss, causing the fruit to dry out. Frost-damaged fruit can be used soon after the frost, but they break down quickly and are subject to decay by bacteria and fungi. Deterioration of frost-damaged fruit usually occurs within a few days to 2 weeks, depending on storage conditions, temperature, and other environmental factors.
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SENSITIVITY TO FROST
When gauging the temperature in your yard or garden, use a thermometer in a sheltered location. If frost is predicted and temperatures may approach the critical temperatures given below for any length of time, frost protection is warranted. Greater damage occurs with colder temperatures, a longer duration of cold, or higher relative humidity (when the air is dry, brief drops below the critical temperature may be tolerated).
Trees
Citrus varieties vary in their sensitivity to frost. Generally, when temperatures fall to 29ºF (-1.7ºC) for 30 minutes or longer, some frost damage to tender citrus plants will occur. Table 1 gives relative frost sensitivity for selected citrus trees and rootstocks.
Avocado tree varieties also vary in their tolerance of cold temperatures, although this does not appear to be affected by the rootstock. In general, the Mexican types such as Bacon, Mexicola, and Duke are the most hardy. The Guatemalan varieties, including Hass and Nabal, are quite sensitive, while Fuerte and Zutano are in the intermediate range of frost tolerance.
Fruits
The temperature at which citrus fruits are damaged depends on the species involved and the ripeness of the fruit. Critical temperatures for selected citrus fruits are given in table 2.
PROTECTING TREES AND FRUIT

Planting Site
Trees planted in open areas and trees exposed to cold prevailing winds are most likely be the first to suffer frost damage. Avoid planting frost-sensitive trees in the lowest areas of the yard or garden, as cold air tends to flow downhill and accumulate in such depressions. Trees planted near structures or walls, particularly those with a southwest exposure, absorb and retain reflected heat during the daytime and may be damaged less during periods of frost.
Cultural Practices
Proper cultural practices can play an important role in lessening the impact of frost. Healthy trees that are well supplied with water are more able to withstand frost than those that are weakened or inadequately irrigated. oranges, grapefruits, and mandarins, tree-ripe 25.0 to 29.0 -3.9 to -1.7
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Applications of fertilizer stimulate new tender growth, as does pruning. For that reason, citrus and other subtropical trees should be fertilized and pruned during the spring and early summer so that the resulting new foliage will have enough time to mature before the onset of cold weather. Also, a full canopy helps protect the fruit more effectively during freezing conditions.
Frost Protection Measures
Protect young frost-sensitive trees by wrapping the trunks and branches with insulating material such as palm fronds, cornstalks, cardboard, or fiberglass. During wet weather, an outer covering of plastic film helps keep the insulating materials dry, but plastic alone provides very little frost protection. Cover the trunks from the ground level up to the main branches. Keep the ground around the trees as clean and as free from mulch, weeds, and ground cover as possible. Bare, moist soil radiates more heat than soil blanketed with mulch or ground cover, and this radiated heat helps protect trees from frost.
In cases where severe frosts are predicted, a 100-watt lamp (designed for outdoor use) placed in the interior of the tree will emit enough heat to reduce frost damage. Holiday lights are a festive alternative. Make sure your garden soil is moist. If the soil has good drainage, run a sprinkler system slowly or furrow-irrigate through the night. The water gives off heat, and this can help protect the trees from freezing. Also, damp soil retains heat better than dry soil, protecting roots and warming the air near the soil.
Commercial growers use large fans or wind machines to protect citrus trees from advective frosts caused by temperature inversions. The fans mix the layers of warm and cold air, raising the temperature at the surface. Wind machines, however, are seldom practical for a backyard gardener with a few trees.
Pruning
If citrus trees sustain frost damage, do not prune away dead wood or remove the trees in early spring. Wait several months in order to assess the full extent of the damage and to allow the trees to recover during warm weather. As new foliage begins to grow in the spring and early summer, frost-killed twigs and branches will become readily apparent and can be pruned out without removing viable portions of the tree. Postpone heavy pruning until the following year, so that the trees are able to regain their full canopy. This publication has been adapted from Frost Protection of Citrus and Other Subtropicals in the Home Garden, by K. W. Opitz and R. G. Platt, University of California ANR Publication 2482, 1979.
